II and Zn II complexes of the hexadentate macrocyclic ligand cis-6,13-dimethyl-1,4,8,11-tetraazacyclotetradecane-6,13-diamine Paul V. Bernhardt The title pendent-arm macrocyclic hexaamine ligand binds stereospeci®cally in a hexadentate manner, and we report here its isomorphous Ni II and Zn II complexes (both as perchlorate salts), namely (cis-6,13-dimethyl-1,4,8,11-tetraazacyclotetradecane-6,13-diamine- and (cis-6,13-dimethyl-1,4,8,11-tetraazacyclotetradecane-6,13-diamine- 
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Comment
The coordination chemistry of the isomeric pendent-arm macrocycles trans-and cis-6,13-dimethyl-1,4,8,11-tetraazacyclotetradecane-6,13-diamine (L 1 and L 2 , respectively) has revealed a number of interesting variations in the structural and physical properties of their complexes. Complexes of the hexadentate-coordinated trans isomer (Curtis et al., 1987; Bernhardt et al., 1989 Bernhardt et al., , 1990 Borzel et al., 1998) are more common than the corresponding cis complexes (Bernhardt et al., 1992 (Bernhardt et al., , 1997 Lye et al., 1994) . It is an interesting feature that L 1 and L 2 can only bind in one con®guration when coordinated as hexadentates, so the structure of the organic ligand determines the isomerism of the resulting complexes.
The hexadentate trans isomers coordinate such that the metal is coplanar with the four secondary amines, and the pendent amines bind in trans coordination sites. By contrast, in the corresponding cis isomers, the macrocycle adopts a folded conformation and the pendent amines coordinate in cis sites. Molecular-mechanics calculations (Bernhardt & Comba, 1991) predicted that the cis isomer L 2 , bound as a hexadentate, would be able to complex both small and large metal ions, whereas the hexadentate-coordinated trans isomer could only accommodate metals up to a certain size, until one or both axial MÐN bonds were broken as a consequence of strain in the complex. Figs. 1 and 2 . The folded conformation of the macrocycle is evident, with the coordinated four secondary amines having the same absolute con®guration i.e. RRRR (SSSS). Each complex cation has (non-crystallographic) C 2 symmetry; the principal axis bisects the N5ÐMÐN6 angle, and the MÐN bond lengths separate into three distinct pairs (Tables 1 and  3 ). Both macrocyclic ®ve-membered chelate rings adopt the same conformation ( or !!), where the CÐC bond in each ring is oblique to the C 2 axis. This conformation was predicted (Bernhardt & Comba, 1991) to be dominant for complexes containing both small and large metal ions, and indeed no other conformation of a hexadentate-coordinated complex of L 2 has been identi®ed. Hydrogen bonding between perchlorate-O atoms and most amine-H atoms is found (Tables 2 and  4 ). These hydrogen bonds result in chains comprising cations linked by perchlorate anions extending along the b axis. Figure 1 View of (I) showing 30% probability ellipsoids. mechanics calculations predicted this disparity some time ago (Bernhardt & Comba, 1991 Lye et al., 1994) . There are a number of structural indicators of this distortion. It may be viewed as a pseudo-trigonal twist of the N1±N2±N5 and N4±N3±N6 octahedral faces, by analogy with tris-bidentate complexes. This de®nition is somewhat limited in this case as there is no threefold axis in complexes of L 2 . A more reliable indicator of the distortion present in these complexes is the N5ÐMÐN6 valence angle, which increases with the MÐN bond length, and this is illustrated in Fig. 3 . The Cd II (Bernhardt et al., 1992) and Pb II (Lye et al., 1994) structures exhibit somewhat exaggerated bite angles caused by (or resulting in) coordination of perchlorate anions, and their structures approximate distorted square-antiprismatic geometries (N 6 O 2 ). It is dif®cult to say whether the presence of these weakly bound ions (MÐO > 3.0 A Ê ) in the Cd II /Pb II structures signi®cantly perturb the valence angles involving the coordinated macrocycle or, conversely, whether these distortions are driven by the macrocycles, which prize open the N5ÐMÐN6 angles thus making room for incoming ligands.
The observed distortions from octahedral geometry with increasing MÐN bond length were predicted by molecularmechanics calculations. However, electronic contributions from transition metal ions will oppose distortions away from octahedral geometry (ligand-®eld stabilization energy), and neglecting this effect can lead to an overestimation of the observed distortion 
Experimental
The title complexes were both synthesized readily by mixing equimolar amounts of the metal ion and ligand hydrochloride salt (L 2 Á6HCl) in water adjusted to pH 7 with NaOH solution. Both compounds were precipitated by addition of excess NaClO 4 . Crystals of each complex were obtained by slow evaporation of their aqueous solutions.
Compound (I)
Crystal data [Ni(C 12 View of (II) showing 30% probability ellipsoids (H atoms omitted).
Figure 3
Plot of observed N5ÐMÐN6 angle ( ) as a function of average MÐN bond length (A Ê ) for hexadentate-coordinated complexes of L 2 . 
Compound (II)
Crystal data In both structures, rotational disorder in one of the perchlorate anions (about the Cl2ÐO2A bond) was modelled by re®ning atoms O2B/O2B H , O2C/O2C H and O2D/O2D H with complementary occupancies and applying tetrahedral restraints to the O atoms of each contributor.
For both compounds, data collection: CAD-4 Manual (Enraf± Nonius, 1988); cell re®nement: SET4 in CAD-4 Manual; data reduction: Xtal3.2 (Hall et al., 1992) ; program(s) used to solve structure: SHELXS86 ); program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997); molecular graphics: PLATON (Spek, 1990); software used to prepare material for publication: SHELXL97.
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